1. Introduction {#s0005}
===============

On December 31, 2019, the World Health Organization (WHO) reportedly received information about an epidemic with unidentified etiology ([@bb0030]) from Wuhan, Hubei, China ([@bb0095]). On February 11, 2020, this epidemic was officially named as COVID-19 and was acknowledged as an infectious disease resulting in public health emergency, as it quickly spread within China and to further 24 countries is situated geographically between 42.937084° N and − 75.6107° E ([@bb0005]). Clinical studies relating to COVID-19 reported that most patients suffer from difficulty in breathing and pneumonia ([@bb0040]; [@bb0055]). Symptoms reported in clinical treatments were similar to other coronavirus illnesses such as MERS and SARS e.g. cough, fever, and difficulty in breathing due to respiratory disorder, and in worst-case scenario COVID-19 causes kidney failure, pneumonia, and even death ([@bb0085]).

In the USA, the first COVID-19 patient was reported in the Washington State on January 15, 2020, and coronavirus quickly spread throughout the country as the USA became the epicenter with most deaths and the most number of patients or cases which are seen on map in [Fig. 1](#f0005){ref-type="fig"} . And after Wisconsin reported its first death on April 13, 2020, all 50 states had at least one casualty from COVID-19 in the USA. As of April 13, 2020 New York (195,749), Florida (123,019) and New Jersey (64,584) are worst-hit states in America. New York state quickly became epicenter within the USA with the majority of cases and deaths reported in New York City, which reported its first case on March 1, 2020, and after initial days saw a rapid rise in the number of patients and deaths from March 12, 2020, onwards. Similar quick spread of COVID-19 in Italy, France, and South Korea, led to WHO declaring it as a pandemic ([@bb0020]).Fig. 1COVID-19 outbreak in the U.S.A. (Source: USA Today).Fig. 1

Current studies have shown that the transmission route of COVID-19 is bat-human, with intermediate host yet to be identified; it was transmitted mainly by respiratory droplets, as well as human-human transmission ([@bb0035]; [@bb0045]). Climate conditions are classified as top predictors of coronavirus illnesses ([@bb0025]) as wind speed, humidity, temperature and wind speed are critical in the transmission of infectious diseases ([@bb0090]). [@bb0010] reported that pneumonia\'s mortality rate is highly correlated with weather changes.

2. Research methodology {#s0010}
=======================

New York City is the capital of New York state and is described as media, cultural and financial hub of the world. New York is one of the densely populated cities in the USA with 8.54 million people residing within 302.6 squares miles and is situated geographically between 42.937084° N and − 75.6107° E. Dataset for COVID-19 is taken from March 1, 2020 -- April 12, 2020, from COVID-19 data archive from the New York City health department. And data for climate indicators was taken from National weather service, USA. Dataset for the climate indicators includes temperature, humidity, wind speed, air quality, and rainfall. As the data was not normally distributed therefore Kendall and Spearman rank correlation tests were utilized to examine the correlation between variables.

3. Results and discussion {#s0015}
=========================

[Fig. 2](#f0010){ref-type="fig"} observes a sharp increase, both in daily new cases and total confirmed cases for New York City from March 12, 2020, onwards. The first week beginning from March 1, 2020 to March 7, 2020, confirmed cases are 12, which rose to 185 until the second week on March 14, 2020, 8,115 until the end of third week, 30,765 until the fourth week, 60,850 until the fifth week on April 4, 2020 and 104,410 until April 12, 2020.Fig. 2Cases of COVID-19 in New York.Fig. 2

[Fig. 3](#f0015){ref-type="fig"} shows the maximum, minimum, and average temperature. Lowest maximum temperature of 44 °F (highest maximum 77 °F), lowest average temperature was 35.2 °F (maximum average 59.3 °F) and the minimum lowest temperature was 26 °F (highest lowest 56 °F), average lowest wind speed 6.1 mph (maximum average 21.6 mph), average lowest humidity 25.8% (highest average humidity 91.8%) and average lowest rainfall 0 mm (average highest rain fall is 1.44 mm) are the statistical indicators of New York City.Fig. 3Variations in minimum, maximum, and average temperatures.Fig. 3

[Table 1](#t0005){ref-type="table"} indicates empirical estimations of seven weather indicators. For Kendal correlation test minimum temperature and average air quality are significant for new cases, and average temperature, minimum temperature, and average air quality are significant for total cases and average temperature and air quality are significant for mortality among New York citizens. For the Spearman test, average temperature and average air quality are significant for new cases and average temperature and average air quality are significant for the total number of cases, also average temperature and air quality are significant for mortality.Table 1Empirical results.Table 1Climate VariablesNew CasesTotal CasesMortalityKendall Correlation CoefficientTemperature Maximum0.0410.1680.185Temperature Average0.1860.289^⁎⁎^0.294^⁎^Temperature Minimum0.248\*0.248\*0.254Humidity−0.063−0.154−0.148Wind Speed0.1370.0970.057Air Quality−0.537^⁎⁎⁎^−0.531^⁎⁎⁎^−0.531^⁎⁎^Rainfall−0.219−0.153−0.106Spearman Correlation CoefficientTemperature Maximum0.0600.2240.218Temperature Average0.2680.379\*0.393^⁎^Temperature Minimum0.335\*0.3170.326Humidity−0.111−0.216−0.205Wind Speed0.1720.0970.049Air Quality−0.684^⁎⁎⁎^−0.667^⁎⁎⁎^−0.659^⁎⁎^Rainfall−0.287−0.196−0.153[^1]

For the current research project, the occurrence of COVID-19 in New York city is analyzed by climate change patterns. Our findings estimate that minimum temperature and average temperature are correlated with the spread of COVID-19 in New York city. Previous studies of [@bb0075] and [@bb0080] support our findings. [@bb0070] also researched climate indicators and stated that temperature serves as a driver for the COVID-19. As a cultural and financial capital of the world, New York city also oversees high mobility from local as well as constituents from other major places to seek employment and business opportunities. Humidity is another contributor for the spread of COVID-19 as it contributed in the rapid transmission within New York City and empirical estimations of this study will be useful in the outcome of efforts to suppress COVID-19. According to official census data, New York City is resident to 8.54 million people with population increasing at 4.6% per year and 26,403 residents living per square mile. The reason for such a dense population is the average life expectancy of New York residents, which is 80.9 years, this is 2.2 years longer than the national average of life expectancy in America. Such statistics make New York an ideal epicenter for the spread of infectious diseases ([@bb0100]).

Humidity and temperature also play significant role in the seasonal spread of coronaviruses ([@bb0065]). [@bb0085] also reported similar findings for the case of China. COVID-19 outbreak from Wuhan showed a strong association between disease spread and weather conditions, with predictions that warm weather will play an important role in suppressing the virus. Other meteorological indicators such as wind speed, air quality, and humidity also affect the spread of infectious diseases. Furthermore, air temperature also contributes towards the transmission of the virus ([@bb0015]). [@bb0050] suggested that humidity and temperature will play an important role in mortality rate from COVID-19 as climate indicators and temperature correlate with the spread of COVID-19 ([@bb0060]).

This study, despite strong evidence of climate indicators\' association with COVID-19, provides the following limitations. First, more variables are needed to conduct a comprehensive study as COVID-19 is an infectious disease and it is affected by many variables such as social distancing, people\'s endurance and availability of health facilities. Second, data about personal hygiene indicators such as hand wash needs to be explored in further studies.

4. Conclusion {#s0020}
=============

Climate indicators are integral in the fight against COVID-19 in New York. This study finds that average temperature, minimum temperature, and air quality are significant correlated with COVID-19 pandemic and will be useful in suppressing COVID-19. Also, significance of air quality implies that green environment policies should be promoted as it would reduce the spread of infectious diseases such as COVID-19. Current study is of exploratory nature and in order to conduct a comprehensive investigation, future research direction should examine daily carbon emission data as current lockdown measures have greatly reduced carbon emissions. Another research direction is to include regional and cross-country investigations for most affected countries to provide better insight for the fight against COVID-19.

Funding information {#s0025}
===================

We acknowledge the financial support by the Ministry of Education-China Mobile Joint Laboratory Grant Number: 2020MHL02005.

CRediT authorship contribution statement {#s0030}
========================================

**Muhammad Farhan Bashir:** Data curation, Writing - original draft. **Benjiang Ma:** Resources. **Dr. Bilal:** Conceptualization, Software, Writing - review & editing. **Bushra Komal:** Writing - review & editing. **Muhammad Adnan Bashir:** Project administration.**Duojiao Tan:**Funding acquisition.**Madiha Bashir:**Validation, Software.

Authors would also like to acknowledge the Editors and two anonymous reviewers, who contributed immensely in improving the quality of this publication.

[^1]: \*\*\*, \*\*, \* stands for 1%, 5% and 10% level of significance.
